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the higher-order silane, higher-order silane expressed by 
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fluorine and iodine on the condition of 1+m=2n+2, and (n) 
is an integer of n>3] is used. As a catalysist, a 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The formation approach of the silicon film characterized by pyrolyzing the mixture of 
the solution of a high order silane, and a catalyst, and forming the silicon film on a substrate. 
[Claim 2] The formation approach of the silicon film characterized by photodissociating the 
mixture of the solution of a high order silane, and a catalyst by irradiating the light of wavelength 
shorter than 400nm, and forming the silicon film on a substrate. 

[Claim 3] Said high order silane is the formation approach of the silicon film according to claim 1 
or 2 characterized by being the high order silane expressed with general formula SinH2n+2 (n is 
the integer of n>=3), or the halogenation high order silane expressed with a general formula 
SinHIXm (X is either chlorine, a fluorine, a bromine or iodine, and l+m=2n+2 and n are the integer 
of n>=3). 

[Claim 4] Said catalyst is the formation approach of the silicon film according to claim 1 or 2 
characterized by consisting of the matter or solution containing at least one of nickel, iron, 
cobalt, or the platinum. 

[Claim 5] The solvent of said catalyst is the formation approach of the silicon film according to 
claim 4 characterized by the boiling point being a solvent lower than the temperature at the time 
of formation of the silicon film with a meltable high order silane. 

[Claim 6] The formation approach of the silicon film according to claim 1 to 5 characterized by 
applying mixture with large catalyst concentration on a substrate, forming a crystalline-nucleus 
generating layer and applying mixture with small catalyst concentration on this. 
[Claim 7] The formation approach of the silicon film according to claim 1 to 6 characterized by 
supplying atom-like hydrogen gas to a substrate a pyrolysis or in case it photodissociates. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of the silicon film used 

for semiconductor devices, such as a solar battery and a thin film transistor. 

[0002] 

[Description of the Prior Art] the former — formation at the low temperature of the 
polycrystalline silicon (henceforth "poly-Si") film, or the amorphous silicon (henceforth "a-Si") 
film — plasma CVD (Chemical Vapor Deposition) — law, the heat CVD method, or the optical 
CVD method is used, equipment complicated [ the RF generator which powder is generated in a 
gaseous phase with a slow membranous formation rate, and generally pollutes equipment with 
the plasma-CVD method from a gaseous phase ], and expensive is required — etc. — there is a 
problem. Moreover, in the heat CVD method from a gaseous phase, when performing membrane 
formation of about several micrometers at high speed, it is necessary to form membranes at 
temperature higher than 600 degrees G, and an expensive heat-resistant thing must be used for 
a substrate. 

[0003] Moreover, although there is also a method (refer to JP,6-244103,A) of making metals 
other than the above-mentioned approach, such as nickel, into a catalyst, and carrying out solid 
phase crystallization of a-Si at low temperature, since the membranous formation rate is slow, it 
is not suitable for formation of a thick film. 

[0004] Then, the approach (refer to JP,5-144741,A) of applying high order silane liquid to a 
substrate, and forming membranes by ultraviolet radiation exposure as the film formation 
approach from the liquid phase which cancels these faults, and the approach (refer to JP,7- 
267621, A) of forming membranes by passing through the heat history which applies high order 
silane liquid to a substrate, and includes a temperature up process are proposed. 
[0005] However, by these approaches, if the temperature of a substrate is set as suitable 
membrane formation temperature, since the boiling point of a high order silane is low, before 
(Table 1 Reference) and a polymerization are completed, a high order silane will evaporate, and 
formation of the thick film and adjustment of desired thickness will become difficult from 1 
micrometer. 
[0006] 
Table 1] 





SiH4 


SizHt 


SlgHa 


n-Si^H] 0 


n-SisHi2 


n-SigHi4 






-185 


-132. 5 


-117. A 


-89,9 


-72.2 


-44.7 


-30.1 




-111.9 


-14.5 


52.9 


108.1 


153.2 


193.6 


226.8 



[0007] The approach of generally forming membranes from the liquid phase by applying high 
order silane liquid can be formed at a high speed compared with the approach of forming 
membranes from a gaseous phase. However, as mentioned above, since a high order silane has 
the low boiling point, high order silane liquid evaporates at the time of membrane formation, the 
formed film cannot become quite thinner than spreading thickness, and it cannot obtain 
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thickness of arbitration. For this reason, to form membranes at a high speed and to raise the 
reactivity in low temperature was desired. 

[0008] Moreover, in order to form the crystalline good crystal silicon film in a high speed 
comparatively, generally it is necessary to form membranes at temperature higher than 600 
degrees C. However, if it is, for example, going to use the cheap substrate which consists of 
alkali free glass etc., since a problem is in thermal resistance, membranes must be formed at 
temperature lower than 600 degrees C, and the crystalline good crystal silicon film cannot be 
obtained. 

[0009] Then, the purpose of this invention is offering the approach of forming the silicon film at 
low temperature at high speed, after maintaining the quality as a device in view of the above- 
mentioned trouble. 
[0010] 

[Means for Solving the Problem] The technical-problem solution approach by this invention 
pyrolyzes the mixture of the solution of a high order silane, and a catalyst, and forms the silicon 
film on a substrate. Moreover, the above-mentioned mixture is photodissociated by irradiating 
the light of wavelength shorter than 400nm, and the silicon film is formed on a substrate. 
[0011] What is necessary is just to use the high order silane expressed with general formula 
SinH2n+2 (n is the integer of n>=3), or the halogenation high order silane expressed with a 
general formula SinHIXm (X is either chlorine, a fluorine, a bromine or iodine, and l+m=2n+2 and n 
are the integer of n>=3) as a high order silane. Moreover, in the case of a solution, the boiling 
point should be just lower [ the solvent of a catalyst ] than the temperature at the time of 
formation of the silicon film meltable [ a high order silane ] using what consists of a catalyst 
containing at least one of nickel, iron, cobalt, or the platinum, or a solution of this catalyst as a 
catalyst. According to this approach, the decomposition reaction of the silane can be carried out 
according to an operation of a catalyst, and the silicon film of desired thickness can be formed at 
low temperature at high speed than before. 

[0012] A good crystal can be grown up, if mixture with large catalyst concentration is applied on _ 

a substrate, a crystalline-nucleus generating layer is formed and mixture with small catalyst 

concentration is especially applied on this in formation of the crystal silicon film. 

[0013] Moreover, if atom-like hydrogen gas is supplied to a substrate a pyrolysis or in case it 

photodissociates, promotion of a polymerization and improvement in membraneous quality can be 

aimed at. 

[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0015] In order to form the silicon film by this invention, the mixture of the solution of a high 
order silane and a catalyst is first applied to substrates, such as glass placed into the inert gas 
ambient atmosphere. Or you may make it apply the mixture of the solution of a high order silane, 
and the solution of a catalyst 

[0016] As a high order silane, what is expressed with general formula SinH2n+2 (n is the integer 
of n>=3) is used. Specifically They are trishiran (Si3H8), a tetra-silane (Si4H10), a PENTA silane 
(Si5H12), a hexa silane (Si6H14), a hepta-silane (Si7H16), an OKUTA silane (SiSHIB), a nona 
silane (Si9H20), etc. Are expressed with a general formula SinHIXm (X is either chlorine, a 
fluorine, a bromine or iodine, and l+m=2n+2 and n are the integer of n>=3) instead of a high order 
silane, for example, you may be halogenation high order silanes, such as a chlorination PENTA 
silane. Moreover, a high order silane or two or more sorts of halogenation high order silanes may 
be used. 

[0017] Moreover, what the matter containing at least one of nickel, iron, cobalt, or the platinum 
or its solution is used as a catalyst, and is specifically dissolved in an organic solvent at the 
presentation of the organic salt of nickel, a halogenation salt, etc. including nickel is desirable. 
[0018] Since it is dangerous, holding a reactant high condition uses the organic solvent of a 
catalyst, and it should just make it mix in introductory tubing or on a substrate here, although it 
is possible to mix a high order silane and a catalyst directly. The organic solvent in this case has 
a meltable high order silane, its reactivity with a high order silane is low, and the boiling point is a 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



2004/07/26 



3/6 ^— V 



solvent lower than the boiling point of the high order silane used desirably lower than membrane 
formation temperature. 

[0019] Although a catalyst and an organic solvent can set the combination as arbitration, as an 
example of a catalyst, nickel fluoride, a nickel chloride, nickel nitrate, nickel acetate, or nickel 
carbonate is mentioned. As an example of an organic solvent, moreover, a pentane, a hexane, a 
cyclohexane, The hydrocarbons expressed with CaHb(s) (5<=a<=10, 12<=b<=24), such as a 
heptane, an octane, an isooctane, benzene, ethylbenzene, toluene, or a xylene, diethylether, The 
ether and the ketones which are expressed with CaHbOc(s) (1<=a<=8, 4<=b<~14, 1<=c<=3), such 
as diisopropyl ether, an acetone, a methyl ethyl ketone, a methanol, ethanol, propanol, or a 
butanol, or alcohols is mentioned. 

[0020] Moreover, the larger one of the high order silane concentration of the mixed liquor of a 
high order silane and a catalyst than 50 % of the weight is desirable. Since an organic solvent 
remains by making high order silane concentration as high as possible, the amount of the carbon 
incorporated in the film and oxygen can be lessened. 

[0021] There is a spin coat method, a dip coating method, a spray coating method, the bar coat 
method, or the curtain coat method in the approach of applying a high order silane on a 
substrate. In the case of the spin coat method generally used, the rotational frequency of a 
spinner uses 300 - 6,000rpm preferably 100 to 10,000 rpm. Moreover, at this time, or it heats to 
the temperature higher than the boiling point of an organic solvent as spreading pretreatment, it 
evaporates an organic solvent beforehand and it removes an organic solvent, the polymerization 
of the high order silane may be carried out in part by approaches, such as an optical exposure, 
and you may process raising the viscosity of a high order silane etc. 
[0022] Next, the predetermined silicon film is formed by the pyrolysis by heating, or the 
photolysis by the exposure of light. There are heating at the heater with which the base holding a 
substrate was equipped as the approach of heating, heating by the infrared lamp, etc. Moreover, 
by the approach of the photolysis by the exposure of ultraviolet radiation, it carries out in the 
gas ambient atmosphere where high order silanes, such as helium, neon, an argon, nitrogen, or 
hydrogen, are inactive. In order that a high order silane may absorb energy and may decompose 
as the light source of light to irradiate, the light source of ultraviolet radiation with wavelength 
shorter than 400nm is used. The discharge light of rare gas, such as for example, low— pressure 
mercury lamp light, hydrogen and heavy hydrogen or an argon, a krypton, and a xenon, excimer 
laser light, etc. are used for this. 

[0023] If the above-mentioned approach is used, the decomposition reaction of the silane can be 
carried out according to an operation of a catalyst, and the silicon film can be formed at low 
temperature at high speed than before. In this case, if substrate temperature is higher than 
about 150 degrees C, the a-Si film will be obtained, and if still higher than about 500 degrees C, 
the poly-Si film can be obtained. In addition, the thickness of the silicon film obtained can be set 
as arbitration to about 5-50 micrometers by choosing the applying method. 

[0024] Although the nickel mixed to a high order silane on the other hand functions as reducing 
the decomposition temperature of a silane, it is not desirable as a semiconductor material. For 
example, when using it as a solar battery, as for the nickel concentration in the film, it is 
desirable that it is lower than 1x1019-/cm3. It is more desirable 10-2 to 10-8 and to adjust 
smaller than especially 10-5 the nickel/Si ratio after dissolving the catalyst of a minute amount 
in an organic solvent and mixing with a high order silane especially. 

[0025] Moreover, although the crystal grows from the crystalline nucleus which exists in early 
stages of membrane formation at the time of formation of the crystal silicon film, crystallinity will 
be affected when generating of a crystalline nucleus is controlled. Then, as shown in drawing 2 , 
on Substrate A, mixed liquor with large catalyst concentration (nickel/Si>=10-5) is applied, the 
1st spreading layer B (crystalline-nucleus generating layer) is formed, and a crystalline nucleus is 
generated. Next, on the 1st spreading layer B, mixed liquor with small catalyst concentration 
(nickel/Si<10-5) is applied, and the 2nd spreading layer C is formed. The part used as the 
nucleus of the crystal growth to the direction of an arrow head can be restricted to the interior 
of the 1st spreading layer B by this, and crystalline improvement can be aimed at. 
[0026] Furthermore, since a defect arises by the desorption of hydrogen at the time of the 
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membrane formation in an elevated temperature, it decompresses to 0.01 - lOTorr extent at the 
time of a temperature up, and atom-like hydrogen gas is supplied to a substrate. In order to 
obtain the hydrogen of the shape of this atom, metals, such as an approach of obtaining 
hydrogen gas by high frequency discharge, such as microwave, the approach of acquiring by 
irradiating high energy lines, such as ultraviolet rays, at hydrogen gas, and a tungsten, are heated, 
and there is the approach of acquiring by contact on that front face etc. By these approaches, 
promotion of a polymerization and improvement in membraneous quality can be aimed at. 
[0027] 

[Example] The example and the example of a comparison which enforced the approach of this 
invention and formed the silicon film hereafter are explained. Measurement shown below about 
the physical properties of the film formed in each example and the example of a comparison is 
performed, and this measurement result is shown in Table 2. 
[0028] 1. Photoconductivity (A. M.I. 5 or 100MW Exposure) 
2. Dark Conductivity 3. Optical Gap [0029] 
[Table 2] 





am 








mm 


m 




mm 










(ppm) 


(ml) 




(A) 


CS/cm) 


(S/cn) 






0.36 


0.1 


300ipDi^lO|}> 


1000 


5X10-' 


5X10- •* 


1.65 




0.36 


0.1 


300rpiL,10tJ» 


800 


2xiO-< 


IxlO-* 


1.25 




0.36 


0.1 


300rpiii>10tJ> 


1400 


2X10-" 


2x10"'* 


1. 63 




36 


1.0 


2000rpaa0g' 










mmmA-2 


0.36 


0.1 


lOOrpm^St* 


4500 


3x10-^ 


8x10" 


1.20 




0.36 


0.1 


300rpna08> 


1500 


3x10" 


3x10"* 


1.70 




0.36 


0.1 


300ii)m^lO|j> 


700 


3x10" 


1X10"" 


1.72 
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0.36 


0.1 




15000 


5X10" 


4x10"" 


1.64 


immi 






SOOrpm^lOtl' 
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SOOrpm^lOll^ 


1000 


5X10" 


ixlO" 


1.50 



[0030] The configuration of the experimental device of an example 1 is shown in <example 1> 
drawing 1 . This experimental device is equipped with the spreading room 1 and the membrane 
formation room 2, and these are connected through the gate valve 3. The spreading room 1 is 
equipped with the spin coater 7 and exhaust air Rhine 8 which are rotated by the motor which 
does not hold and illustrate dropping Rhine 5 for making dropping Rhine 4 for making the solution 
of a high order silane dropped, and the solution of a catalyst dropped, and a substrate 6. It is 
combined in the middle of Rhine, and dropping Rhine 4 and 5 is led to the spreading room 1 as 
one Rhine. Moreover, the membrane formation room 2 is equipped with gas supply Rhine 10 and 
exhaust air Rhine 1 1 for supplying the heating heater 9 for heating a substrate 6, inert gas, etc. 
[0031] In this example, what dissolved nickel fluoride in diethylether as a catalyst was used, 
using a PENTA silane (Si5H12) as a high order silane. 

[0032] Hereafter, the formation procedure of the silicon film is explained. 0.5ml of solutions of a 
PENTA silane was dropped at the substrate 6 from dropping Rhine 4, and 0.05-0.5ml of solutions 
of nickel fluoride was made dropped from dropping Rhine 5 at the spreading room 1. And a 
predetermined rotational frequency or predetermined carried out time amount rotation of the 
spin coater 7, and the spreading film was formed. In addition, the solution of the nickel fluoride 
mixed to PENTA silane 1ml at this time and the monograph affair of a spin coat are shown in 
Table 2. 

[0033] Next, the membrane formation room 2 was introduced to 1x10-6Torr, and gaseous helium 
was introduced from gas supply Rhine 10 to 760TorKs) after evacuation. Carrying out 0.5 l/min 
installation of the gaseous helium for a substrate 6 after migration through a gate valve 3 at the 
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membrane formation room 2, the temperature up of the substrate 6 was carried out until it 
became 200 degrees C at a rate of 100 degrees C/m at the heating heater 9, substrate 
temperature was held for 20 minutes, and the a-Si film was formed on the substrate 6. 
[0034] Carried out the temperature up of the <example 2> substrate 6, and it was heated for 60 
minutes until it became 500 degrees C at a rate of 100 degrees C/m at the heating heater 9, and 
also it was made the same as an example 1, and the poly-Si film was formed. 
[0035] The chlorination PENTA silane was used as a <example 3> high order silane, and also it 
was made the same as an example 1, and the a-Si film was formed. 
[0036] The temperature up was carried out until it applied mixture with large catalyst 
concentration, it formed the 1st spreading layer B and it became 500 degrees C at a rate of 100 
degrees C/m, as shown in <example 4> drawing 2 , and it heated for 10 minutes, and the 
crystalline nucleus was formed (Table 2 four to example 1 reference), furthermore — until it 
becomes temperature lower than 100 degrees C — Substrate A — mixture with small after 
cooling and catalyst concentration — applying — the 2nd spreading layer C — forming — 100 
degrees C/m — the temperature up was carried out until it came out comparatively and became 
500 degrees C, and it heated for 60 minutes — others (Table 2 four to example 2 reference) — 
it was made the same as an example 1, and the crystalline good crystal silicon film was formed, 
[0037] As shown in <example 5> drawing 3 , instead of pyrolyzing, using the experimental device 
which formed the low-pressure mercury lamp 12 in the membrane formation room 2 as the light 
source, irradiated light with wavelength shorter than 400nm from the low-pressure mercury lamp 
12, and the photolysis was carried out, and also it was made the same as an example 1, and the 
a-Si film was formed. 

[0038] As shown in <example 6> drawing 4 , using the experimental device equipped with the 
microwave generating room 14 established in the membrane formation room 2 in the middle of 
hydrogen gas installation Rhine 13 and its Rhine 13, it decompressed to ITorr at the time of a 
temperature up, and the atom-like hydrogen gas with which energy was given with the 
microwave generated from the microwave generating room 14 was supplied on the substrate 6, 
and also it was made the same as an example 1, and the a-Si film was formed. 
[0039] As shown in <example 7> drawing 5 , it applied with the spray coating method by emitting 
a solution at the tip of the spreading room 1 side of dropping Rhine 4 and 5 with a spray gun 15 
using the experimental device which formed the spray gun 15, and also it was made the same as 
an example 1, and the a-Si film was formed. 

[0040] The silicon film was not formed, although only the solution of a high order silane was 
applied, without mixing the <example 1 of comparison> catalyst and also it was made the same 
as an example 1. 

[0041] Only the solution of a high order silane was applied, without mixing the <example 2 of 
comparison> catalyst, and also it was made the same as an example 2, and the a-Si film was 
formed. 

[0042] When a catalyst was not mixed like the examples 1 and 2 of a comparison from the above 
result, as for the silicon film, membrane formation temperature was not formed at about 200 
degrees C, but the a-Si film was formed for membrane formation temperature at about 500 
degrees C. On the other hand, in the membrane formation conditions especially same in the 
example 2 as the example 2 of a comparison, the poly-Si film was formed of the operation of a 
catalyst, conductivity improved, and the optical gap decreased. Moreover, in the example 4, 
crystallization was promoted, the crystalline good silicon film was formed, and conductivity and 
an optical gap improved. 

[0043] In addition, this invention is not limited to the above-mentioned operation gestalt, and can 
add many corrections and modification to the above-mentioned operation gestalt within the 
limits of this invention. 
[0044] 

[Effect of the Invention] As mentioned above, according to this invention, the solution and 
catalyst of a high order silane can be mixed and the a-Si film, the poly-Si film, or the crystalline 
good crystal silicon film can be formed at low temperature according to an operation of a 
catalyst a pyrolysis or by photodissociating at high speed than before. 
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[0045] Moreover, a cheap substrate is employable by low-temperature-izing membrane formation 
temperature by this approach. 

[0046] If mixture with large catalyst concentration is applied on a substrate, a crystalline- 
nucleus generating layer is formed and mixture with small catalyst concentration is especially 
applied on this in formation of the crystal silicon film, crystalline improvement in the crystal 
silicon film can be aimed at. 

[0047] Moreover, if atom-like hydrogen gas is supplied to a substrate a pyrolysis or in case it 
photodissociates, promotion of a polymerization and improvement in membraneous quality can be 
aimed at. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the formation approach of the silicon film used 
for semiconductor devices, such as a solar battery and a thin film transistor. 

[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As mentioned above, according to this invention, the solution and 
catalyst of a high order silane can be mixed and the a-Si film, the poly-Si film, or the crystalline 
good crystal silicon film can be formed at low temperature according to an operation of a 
catalyst a pyrolysis or by photodissociating at high speed than before. 

[0045] Moreover, a cheap substrate is employable by low-temperature-izing membrane formation 
temperature by this approach. 

[0046] If mixture with large catalyst concentration is applied on a substrate, a crystalline- 
nucleus generating layer is formed and mixture with small catalyst concentration is especially 
applied on this in formation of the crystal silicon film, crystalline improvement in the crystal 
silicon film can be aimed at. 

[0047] Moreover, if atom-like hydrogen gas is supplied to a substrate a pyrolysis or in case it 
photodissociates, promotion of a polymerization and improvement in membraneous quality can be 
aimed at. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
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TECHNICAL PROBLEM 



[Description of the Prior Art] the former — formation at the low temperature of the 
polycrystalline silicon (henceforth "poly-Si") film, or the amorphous silicon (henceforth "a-Si") 
film — plasma CVD (Chemical Vapor Deposition) — law, the heat CVD method, or the optical 
CVD method is used, equipment complicated [ the RF generator which powder is generated in a 
gaseous phase with a slow membranous formation rate, and generally pollutes equipment with 
the plasma-CVD method from a gaseous phase ], and expensive is required — etc. — there is a 
problem. Moreover, in the heat CVD method from a gaseous phase, when performing membrane 
formation of about several micrometers at high speed, it is necessary to form membranes at 
temperature higher than 600 degrees C, and an expensive heat-resistant thing must be used for 
a substrate. 

[0003] Moreover, although there is also a method (refer to JP,6-244103,A) of making metals 
other than the above-mentioned approach, such as nickel, into a catalyst, and carrying out solid 
phase crystallization of a-Si at low temperature, since the membranous formation rate is slow, it 
is not suitable for formation of a thick film. 

[0004] Then, the approach (refer to JP,5-144741,A) of applying high order silane liquid to a 
substrate, and forming membranes by ultraviolet radiation exposure as the film formation 
approach from the liquid phase which cancels these faults, and the approach (refer to JP,7- 
267621, A) of forming membranes by passing through the heat history which applies high order 
silane liquid to a substrate, and includes a temperature up process are proposed. 
[0005] However, by these approaches, if the temperature of a substrate is set as suitable 
membrane formation temperature, since the boiling point of a high order silane is low, before 
(Table 1 Reference) and a polymerization are completed, a high order silane will evaporate, and 
formation of the thick film and adjustment of desired thickness will become difficult from 1 
micrometer. 



[0006] 
Table 1] 





SiB4 








n-SisHii 




n-SiiHiB 




-185 


-132. 5 


-117. 4 


-89.9 


-72.2 


-44.7 


-30.1 




-111. 9 


-14.6 


52.9 


108.1 


153.2 


193.6 


226.8 



[0007] The approach of generally forming membranes from the liquid phase by applying high 
order silane liquid can be formed at a high speed compared with the approach of forming 
membranes from a gaseous phase. However, as mentioned above, since a high order silane has 
the low boiling point, high order silane liquid evaporates at the time of membrane formation, the 
formed film cannot become quite thinner than spreading thickness, and it cannot obtain 
thickness of arbitration. For this reason, to form membranes at a high speed and to raise the 
reactivity in low temperature was desired. 

[0008] Moreover, in order to form the crystalline good crystal silicon film in a high speed 
comparatively, generally it is necessary to form membranes at temperature higher than 600 
degrees C. However, if it is, for example, going to use the cheap substrate which consists of 
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alkali free glass etc, since a problem is in thermal resistance, membranes must be formed at 
temperature lower than 600 degrees C, and the crystalline good crystal silicon film cannot be 
obtained. 

[0009] Then, the purpose of this invention is offering the approach of forming the silicon film at 
low temperature at high speed, after maintaining the quality as a device in view of the above- 
mentioned trouble. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The technical-problem solution approach by this invention 
pyrolyzes the mixture of the solution of a high order silane, and a catalyst, and forms the silicon 
film on a substrate. Moreover, the above-mentioned mixture is photodissociated by irradiating 
the light of wavelength shorter than 400nm, and the silicon film is formed on a substrate. 
[0011] What is necessary is just to use the high order silane expressed with general formula 
SinH2n+2 (n is the integer of n>=3), or the halogenation high order silane expressed with a 
general formula SinHIXm (X is either chlorine, a fluorine, a bromine or iodine, and l+m=2n+2 and n 
are the integer of n>=3) as a high order silane. Moreover, in the case of a solution, the boiling 
point should be just lower [ the solvent of a catalyst ] than the temperature at the time of 
formation of the silicon film meltable [ a high order silane ] using what consists of a catalyst 
containing at least one of nickel, iron, cobalt, or the platinum, or a solution of this catalyst as a 
catalyst. According to this approach, the decomposition reaction of the silane can be carried out 
according to an operation of a catalyst, and the silicon film of desired thickness can be formed at 
low temperature at high speed than before^ 

[0012] A good crystal can be grown up, if mixture with large catalyst concentration is applied on 

a substrate, a crystalline-nucleus generating layer is formed and mixture with small catalyst 

concentration is especially applied on this in formation of the crystal silicon film. 

[0013] Moreover, if atom-like hydrogen gas is supplied to a substrate a pyrolysis or in case it 

photodissociates, promotion of a polymerization and improvement in membraneous quality can be 

aimed at. 

[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0015] In order to form the silicon film by this invention, the mixture of the solution of a high 
order silane and a catalyst is first applied to substrates, such as glass placed into the inert gas 
ambient atmosphere. Or you may make it apply the mixture of the solution of a high order silane, 
and the solution of a catalyst. 

[0016] As a high order silane, what is expressed with general formula SinH2n+2 (n is the integer 
of n>=3) is used. Specifically They are trishiran (Si3H8X a tetra-silane (Si4H10), a PENTA silane 
(Si5H12), a hexa silane (Si6H14), a hepta-silane (Si7H16), an OKUTA silane (Si8H18), a nona 
silane (Si9H20), etc. Are expressed with a general formula SinHIXm (X is either chlorine, a 
fluorine, a bromine or iodine, and l+m=2n+2 and n are the integer of n>=3) instead of a high order 
silane, for example, you may be halogenation high order silanes, such as a chlorination PENTA 
silane. Moreover, a high order silane or two or more sorts of halogenation high order silanes may 
be used. 

[0017] Moreover, what the matter containing at least one of nickel, iron, cobalt, or the platinum 
or its solution is used as a catalyst, and is specifically dissolved in an organic solvent at the 
presentation of the organic salt of nickel, a halogenation salt, etc. including nickel is desirable. 
[0018] Since it is dangerous, holding a reactant high condition uses the organic solvent of a 
catalyst, and it should just make it mix in introductory tubing or on a substrate here, although it 
is possible to mix a high order silane and a catalyst directly. The organic solvent in this case has 



http:/ / www4,ipdl.jpo.go jp/ cgi-bin/ tran_web_cgi_ejje 



2004/07/26 



2/3 V 



a meltable high order silane, its reactivity with a high order silane is low, and the boiling point is a 
solvent lower than the boiling point of the high order silane used desirably lower than membrane 
formation temperature. 

[0019] Although a catalyst and an organic solvent can set the combination as arbitration, as an 
example of a catalyst, nickel fluoride, a nickel chloride, nickel nitrate, nickel acetate, or nickel 
carbonate is mentioned. As an example of an organic solvent, moreover, a pentane, a hexane, a 
cyclohexane, The hydrocarbons expressed with CaHb(s) (5<=a<=10, 12<=b<=24X such as a 
heptane, an octane, an isooctane, benzene, ethylbenzene, toluene, or a xylene, diethylether. The 
ether and the ketones which are expressed with CaHbOc(s) (1<=a<=8, 4<=b<=14, 1<=c<=3), such 
as diisopropyl ether, an acetone, a methyl ethyl ketone, a methanol, ethanol, propanol, or a 
butanol, or alcohols is mentioned. 

[0020] Moreover, the larger one of the high order silane concentration of the mixed liquor of a 
high order silane and a catalyst than 50 % of the weight is desirable. Since an organic solvent 
remains by making high order silane concentration as high as possible, the amount of the carbon 
incorporated in the film and oxygen can be lessened. 

[0021] There is a spin coat method, a dip coating method, a spray coating method, the bar coat 
method, or the curtain coat method in the approach of applying a high order silane on a 
substrate. In the case of the spin coat method generally used, the rotational frequency of a 
spinner uses 300 - 6,000rpm preferably 100 to 10,000 rpm. Moreover, at this time, or it heats to 
the temperature higher than the boiling point of an organic solvent as spreading pretreatment, it 
evaporates an organic solvent beforehand and it removes an organic solvent, the polymerization 
of the high order silane may be carried out in part by approaches, such as an optical exposure, 
and you may process raising the viscosity of a high order silane etc. 
[0022] Next, the predetermined silicon film is formed by the pyrolysis by heating, or the 
photolysis by the exposure of light There are heating at the heater with which the base holding a 
substrate was equipped as the approach of heating, heating by the infrared lamp, etc. Moreover, 
by the approach of the photolysis by the exposure of ultraviolet radiation, it carries out in the 
gas ambient atmosphere where high order silanes, such as helium, neon, an argon, nitrogen, or 
hydrogen, are inactive. In order that a high order silane may absorb energy and may decompose 
as the light source of light to irradiate, the light source of ultraviolet radiation with wavelength 
shorter than 400nm is used. The discharge light of rare gas, such as for example, low-pressure 
mercury lamp light, hydrogen and heavy hydrogen or an argon, a krypton, and a xenon, excimer 
laser light, etc. are used for this. 

[0023] If the above-mentioned approach is used, the decomposition reaction of the silane can be 
carried out according to an operation of a catalyst, and the silicon film can be formed at low 
temperature at high speed than before. In this case, if substrate temperature is higher than 
about 150 degrees C, the a-Si film will be obtained, and if still higher than about 500 degrees C, 
the poly-Si film can be obtained. In addition, the thickness of the silicon film obtained can be set 
as arbitration to about 5-50 micrometers by choosing the applying method. 

[0024] Although the nickel mixed to a high order silane on the other hand functions as reducing 
the decomposition temperature of a silane, it is not desirable as a semiconductor material. For 
example, when using it as a solar battery, as for the nickel concentration in the film, it is 
desirable that it is lower than 1x1019-/cm3. It is more desirable 10-2 to 10-8 and to adjust 
smaller than especially 10-5 the nickel/Si ratio after dissolving the catalyst of a minute amount 
in an organic solvent and mixing with a high order silane especially. 

[0025] Moreover, although the crystal grows from the crystalline nucleus which exists in early 
stages of membrane formation at the time of formation of the crystal silicon film, crystallinity will 
be affected when generating of a crystalline nucleus is controlled. Then, as shown in drawing 2 , 
on Substrate A, mixed liquor with large catalyst concentration (nickel/Si>=10-5) is applied, the 
1st spreading layer B (crystalline-nucleus generating layer) is formed, and a crystalline nucleus is 
generated. Next, on the 1st spreading layer B, mixed liquor with small catalyst concentration 
(nickel/Si<10-5) is applied, and the 2nd spreading layer C is formed. The part used as the 
nucleus of the crystal growth to the direction of an arrow head can be restricted to the interior 
of the 1st spreading layer B by this, and crystalline improvement can be aimed at. 
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[0026] Furthermore, since a defect arises by the desorption of hydrogen at the time of the 
membrane formation in an elevated temperature, it decompresses to 0.01 - lOTorr extent at the 
time of a temperature up, and atom-like hydrogen gas is supplied to a substrate. In order to 
obtain the hydrogen of the shape of this atom, metals, such as an approach of obtaining 
hydrogen gas by high frequency discharge, such as microwave, the approach of acquiring by 
irradiating high energy lines, such as ultraviolet rays, at hydrogen gas, and a tungsten, are heated, 
and there is the approach of acquiring by contact on that front face etc. By these approaches, 
promotion of a polymerization and improvement in membraneous quality can be aimed at. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



2004/07/26 



1/3 ^— V 



* NOTICES * 
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EXAMPLE 

[Example] The example and the example of a comparison which enforced the approach of this 
invention and formed the silicon film hereafter are explained. Measurement shown below about 
the physical properties of the film formed in each example and the example of a comparison is 
performed, and this measurement result is shown in Table 2. 
[0028] 1. Photoconductivity (A. M.1.5 or 100MW Exposure) 
2. Dark Conductivity 3. Optical Gap [0029] 
[Table 2] 
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[0030] The configuration of the experimental device of an example 1 is shown in <example 1> 
drawing 1 . This experimental device is equipped with the spreading room 1 and the membrane 
formation room 2, and these are connected through the gate valve 3. The spreading room 1 is 
equipped with the spin coater 7 and exhaust air Rhine 8 which are rotated by the motor which 
does not hold and illustrate dropping Rhine 5 for making dropping Rhine 4 for making the solution 
of a high order silane dropped, and the solution of a catalyst dropped, and a substrate 6. It is 
combined in the middle of Rhine, and dropping Rhine 4 and 5 is led to the spreading room 1 as 
one Rhine. Moreover, the membrane formation room 2 is equipped with gas supply Rhine 10 and 
exhaust air Rhine 11 for supplying the heating heater 9 for heating a substrate 6, inert gas, etc. 
[0031] In this example, what dissolved nickel fluoride in diethylether as a catalyst was used, 
using a PENTA silane (Si5H12) as a high order silane. 

[0032] Hereafter, the formati on procedure of the silicon film is explained. 0.5ml of solutions of a 
PENTA silane was dropped at the substrate 6 from dropping Rhine 4, and 0.05-0.5ml of solutions 
of nickel fluoride was made dropped from dropping Rhine 5 at the spreading room 1. And a 
predetermined rotational frequency or predetermined carried out time amount rotation of the 
spin coater 7, and the spreading film was formed. In addition, the solution of the nickel fluoride 
mixed to PENTA silane 1ml at this time and the monograph affair of a spin coat are shown in 
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Table 2. 

[0033] Next, the membrane formation room 2 was introduced to 1x10-6Torr, and gaseous helium 
was introduced from gas supply Rhine 10 to 760TorKs) after evacuation. Carrying out 0.5 l/min 
installation of the gaseous helium for a substrate 6 after migration through a gate valve 3 at the 
membrane formation room 2, the temperature up of the substrate 6 was carried out until it 
became 200 degrees C at a rate of 100 degrees C/m at the heating heater 9, substrate 
temperature was held for 20 minutes, and the a-Si film was formed on the substrate 6. 
[0034] Carried out the temperature up of the <example 2> substrate 6, and it was heated for 60 
minutes until it became 500 degrees C at a rate of 100 degrees C/m at the heating heater 9, and 
also it was made the same as an example 1, and the poly-Si film was formed. 
[0035] The chlorination PENTA silane was used as a <example 3> high order silane, and also it 
was made the same as an example 1, and the a-Si film was formed. 
[0036] The temperature up was carried out until it applied mixture with large catalyst 
concentration, it formed the 1st spreading layer B and it became 500 degrees C at a rate of 100 
degrees C/m, as shown in <example 4> drawing 2 , and it heated for 10 minutes, and the 
crystalline nucleus was formed (Table 2 four to example 1 reference), furthermore — until it 
becomes temperature lower than 100 degrees C — Substrate A — mixture with small after 
cooling and catalyst concentration — applying — the 2nd spreading layer C — forming — 100 
degrees C/m — the temperature up was carried out until it came out comparatively and became 
500 degrees C, and it heated for 60 minutes — others (Table 2 four to example 2 reference) — 
it was made the same as an example 1, and the crystalline good crystal silicon film was formed. 
[0037] As shown in <example 5> drawing 3 , instead of pyrolyzing, using the experimental device 
which formed the low-pressure mercury lamp 12 in the membrane formation room 2 as the light 
source, irradiated light with wavelength shorter than 400nm from the low-pressure mercury lamp 
12, and the photolysis was carried out, and also it was made the same as an example 1, and the 
a-Si film was formed. 

[0038] As shown in <example 6> drawing 4 , using the experimental device equipped with the 
microwave generating room 14 established in the membrane formation room 2 in the middle of 
hydrogen gas installation Rhine 13 and its Rhine 13, it decompressed to ITorr at the time of a 
temperature up, and the atom-like hydrogen gas with which energy was given with the 
microwave generated from the microwave generating room 14 was supplied on the substrate 6, 
and also it was made the same as an example 1, and the a-Si film was formed. 
[0039] As shown in <example 7> drawing 5 , it applied with the spray coating method by emitting 
a solution at the tip of the spreading room 1 side of dropping Rhine 4 and 5 with a spray gun 15 
using the experimental device which formed the spray gun 15, and also it was made the same as 
an example 1, and the a-Si film was formed. 

[0040] The silicon film was not formed, although only the solution of a high order silane was 
applied, without mixing the <example 1 of comparison> catalyst and also it was made the same 
as an example 1. 

[0041] Only the solution of a high order silane was applied, without mixing the <example 2 of 
comparison> catalyst, and also it was made the same as an example 2, and the a-Si film was 
formed. 

[0042] When a catalyst was not mixed like the examples 1 and 2 of a comparison from the above 
result, as for the silicon film, membrane formation temperature was not formed at about 200 
degrees C, but the a-Si film was formed for membrane formation temperature at about 500 
degrees C. On the other hand, in the membrane formation conditions especially same in the 
example 2 as the example 2 of a comparison, the poly-Si film was formed of the operation of a 
catalyst, conductivity improved, and the optical gap decreased. Moreover, in the example 4, 
crystallization was promoted, the crystalline good silicon film was formed, and conductivity and 
an optical gap improved. 

[0043] In addition, this invention is not limited to the above-mentioned operation gestalt, and can 
add many corrections and modification to the above-mentioned operation gestalt within the 
limits of this invention. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the configuration of the experimental device concerning the 
formation approach of the silicon film of this invention 
[Drawing 2] The sectional view of the crystal silicon film 

[Drawing 3] Drawing showing the configuration of the experimental device of an example 5 
[Drawing 4] Drawing showing the configuration of the experimental device of an example 6 
[Drawing 5] Drawing showing the configuration of the experimental device of an example 7 
[Description of Notations] 

1 Spreading Room 

2 Membrane Formation Room 

4 Dropping Rhine of High Order Silane Solution 

5 Dropping Rhine of Catalyst Solution 
9 Heating Heater 

12 Low-pressure Mercury Lamp 

13 Hydrogen Gas Installation Rhine 

14 Microwave Generating Room 
A Substrate 

B The 1st spreading layer 
C The 2nd spreading layer 
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